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Abstract
In the context of noncommutative space-time, we investigate the
nucleon structure functions which plays an important role to identify
the internal structure of nucleons. We use the corrected vertices and
employ new vertices that appear in two approaches of noncommutativ-
ity and calculate the proton structure functions in terms of noncommu-
tative tensor θµν . To check our result, we plot the nucleon structure
function (NSF), F2(x), and compare it with experimental data and
the result coming out from the GRV, GJR and CT10 parametrization
models. We show that new vertex which is arising the noncommuta-
tivity correction will lead us to better consistency between theoretical
result and experimental data for NSF. This consistency would be bet-
ter at small values of x-Bjorken variable. To indicate and confirm the
validity of our calculations, we also act conversely and obtain an lower
bound for the numerical values of ΛNC scale which are corresponding
to the recent reports.
1 Introduction
Lepton-nucleon deep inelastic scattering (DIS) is an important tool to
investigate nucleons and their constituents. Nucleon structure func-
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tions are the physical quantities for this purpose. Many phenomeno-
logical models have been established to investigate the structure func-
tions of nucleons [1, 2, 3, 4, 5, 6, 7, 8] but there is, however, small
deviation between experimental data and models’ predictions. On the
other hand, it is possible to search to investigate new physics, such as
noncommutative (NC) space-time, in DIS processes.
The motivation to consider noncommutative field theory (NCFT) come
back to string theory, where it was shown that, in the presence of an
constant background field, the end points of an open string have non-
commutative space-time (NCST) properties [9, 10].
There is a wide range for the energy scale of NCST (ΛNC). This range
is arising out different models while includes similar vertices. Different
results for numerical values of ΛNC from different models with simi-
lar vertices are due to the different employed experiments in related
analysing process. Theses experiments include low energy one as well
as precise high energy collider experiments and finally sidereral and
astrophysical events [11]. More description of them, are as following:
• At low energy experiments, for instance, lamb shift in hydro-
gen [12], magnetic moment of muon [13, 14, 15], atomic clock
measurements [16] and Lorentz violation by clock comparison
test [17] have already been studied in the presence of NCST.
In three body bound state, the experimental data for a helium
atom put an upper bound on the magnitude of the parameter of
noncommutativity, θNC [18].
• At High energy collider experiments we can refer for example to
forbidden decays in standard model (SM) such as Z → γγ [19],
top quark decays [20, 21, 22], compton scattering [23] which have
been investigated in NCST. In the experiment which has been
done by OPAL collaboration, NC bound from e−e+ scattering
at 95% CL is ΛNC > 141GeV [24].
• Astrophysics and cosmological bounds on NCST have also been
explored in various processes, such as Energy Loss via γ → ν¯ν
in stellar clusters [25], effects of γ → ν¯ν in primordial nucleosyn-
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thesis [26] and ultra high energy astrophysical neutrinos [27].
As we have mentioned and according to articles which have been cited,
the bound on ΛNC is strongly model dependent and for collider scat-
tering experiments it is about a few TeV .
Some of collider searches about NCST can be qualified, considering
some significant references. In ref. [28] NC effects in several 2→ 2 pro-
cesses in e−e+ collisions such as Moller and Bhabha scattering, pair
annihilation and γγ → γγ scattering are investigated. As a result, the
NC scale about 1TeV is extracted at high energy linear colliders. The
pair production of neutral electroweak gauge boson is studied at the
LHC [29] and it is showen that under conservative assumptions, NC
bound is ΛNC ≥ 1TeV . Also pair production of charged gauge boson
at the LHC [30] exhibit clear deviation for the azimuthal distribution
from SM at ΛNC = 700GeV . The NC effect for Drell-Yan process
at the LHC has been taken into account in [31] and consequently the
related scale is explored such as ΛNC ≥ 0.4TeV .
Two approaches have been suggested to construct noncommutative
standard model(NCSM) [32, 33]. Using these approaches, Feynman
rules have been derived in [34, 35, 36, 37] which have been used to
search for phenomenological aspects of NCSM [38, 39, 40, 41, 42, 43,
44, 45, 46, 47, 48, 49, 50]. The significant features of NCSM is that
there are not only NC corrections for existing vertices, that people use
them to calculate the DIS processes, but also it contains new gauge
boson interactions, that may cause some corrections at leading order
approximation of perturbative QCD. Here we would like to employ NC
corrections and the new arised interactions to do some phenomeno-
logical tasks for electron-proton scattering.
The organization of this paper is as following. In section 2 we make a
brief remarks about NCSM. In section 3 electron-proton DIS is com-
puted in two approaches of NCSM. In section 4 we take into account
the amended parton distributions, based on the NCSM approaches,
to extract the nucleon structure function, using GRV, GJR and CT10
parametrization models [51, 52, 53]. Finally we will summarize our
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results and give our conclusion in section 5.
2 Noncommutative Standard model
Noncommutative theory leads to commutation relation between space-
time coordinate
[ xˆµ , xˆν ] = iθµν , (2.1)
where hatted quantities are hermitian operators and θµν , is real,
constant and asymmetry tensor. A simple way to construct NCFT is
the Weyl-Moyal star product [54, 55]
(f ∗ g)(x) = exp(1
2
iθµν
∂
∂xµ
∂
∂yν
)f(x) g(y)
∣∣∣∣
y→x
(2.2)
Substituting star product with usual multiplication between conven-
tional fields will lead to NCFT. Star production has no effect on the
integral of quadratic term, i.e
∫
d4xf ∗ g = ∫ d4xfg, thus propagators
are equal in both NCSM and SM [54, 55]. This mechanism makes
some difficulties such as charge quantization (that restrict charges of
matter fields to 0,±1 [56, 57]), and definition of gauge group tensor
product [58].
Two approaches are suggested to resolve these problems. The first
one is built from U(n) gauge group that is a bigger group with respect
to the symmetry groups of standard model. On this base two Higgs
mechanism reduces to standard model group [32](we call this approach
as unexpanded approach). The second one is based on Seiberg-Witten
map [9, 10] that gauge group is like the one of the standard model and
non-commutative fields are expanded in terms of commutative ones
(we call it expanded approach) [33].
It is obvious that to consider a prefered direction makes the viola-
tion of Lorentz invariance. Also it had shown that noncommutative
field theories are not unitary for θµ0 6= 0 , therefore, for observable
measurements we should take θµ0 = 0 [59].
As previously mentioned, Feynman rules have derived in both ap-
proaches [34, 35, 36, 37]. All vertices contain NC corrections. In
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addition, there are some new interactions. For example for electro-
magnetic interaction between lepton and proton, there are corrections
in lγl and qγq as lepton and quark vertices. In SM photon does
not interact with neutral particles like neutrino, gluon and etc, but
these interactions would exist in NCFT. Therefore one of new and
outstanding vertices is photon-gluon interaction. Photon-fermion and
photon-gluon vertices can be described briefly in different approaches
as following.
• In expanded approach:
1. Photon-fermion vertex will be given by the expression as in
below [34]:
i eQf
[
γµ − i2qν ((θµνγρ + θνργµ + θρµγν)pρin − θµνmf )
]
= i eQfγµ
+12eQf [(pout.θ.pin)γµ − (pout.θµ)(6 pin −mf )− ( 6 pout −mf )(θµ.pin)] ,
(2.3)
2. Photon-gluon vertex is given by[35]:
− 2 e Sin2θwKγggΘ3((µ, q), (ν, p), (ρ, p′))δab, (2.4)
where Kγgg is coupling constant of theory and we can assign
it three numerical values: -0.098, 0.197 and -0.396 [60, 61].
In Eq.( 2.4), Θ3 is given by:
Θ3((µ, k1), (ν, k2), (ρ, k3)) =
−(k1.θ.k2) [(k1 − k2)ρgµν + (k2 − k3)µgνρ + (k3 − k1)νgρµ]
−θµν [kρ1(k2. k3)− kρ2(k1. k3)]− θνρ [kµ2 (k3. k1)− kµ3 (k2. k1)]
−θρµ [kν3 (k1. k2)− kν1 (k3. k2)] + (θµ. k2)
[
gνρk23 − kν3kρ3
]
+(θµ. k3)
[
gνρk22 − kν2kρ2
]
+ (θν . k3)
[
gµρk21 − kµ1kρ1
]
+(θν . k1)
[
gµρk23 − kµ3kρ3
]
+ (θρ. k1)
[
gµνk22 − kµ2kν2
]
+ (θρ. k2)
[
gµνk21 − kµ1kν1
]
which is called the three-gauge boson vertex function [35].
• In unexpanded approach [36]:
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1. Photon-fermion vertex is represented as:
− ie exp( i
2
k.θ.q)γµ, (2.5)
2. Photon-gluon vertex has the following representation:
e δab< (gµν(q − p)ρ + gνρ(p+ p′)µ − gρµ(p′ + q)ν)︸ ︷︷ ︸
Iµνρ
< = −2
3
sin(
1
2
q.θ.p) . (2.6)
Considering the condition θµ0 = 0 the following useful identities will
be obtained:
A.θ.B ≡ AµθµνBν = ~θ. ( ~A× ~B), (2.7)
A. θ. θ. B = Aµθ
µνθβνBβ =
∣∣∣~θ∣∣∣2( ~A. ~B)− ( ~A. ~θ)( ~B.~θ). (2.8)
3 Electron-proton scattering in non-
commutative space-tame
Deep inelastic electron-proton scattering is a prevalent method to
probe the proton. Electron-proton cross section in laboratory system
is given by [62, 63]:
dσ
dQ2 dν
= α
2pi
4E2 sin4(ϕ/2)
1
EE′
×[2W1 sin2(ϕ/2) +W2 cos2(ϕ/2)],
(3.1)
where ϕ , E and E′ are scattering angle and the energy of incident
and scattered electrons, respectively. The W1 and W2 functions char-
acterize the structure of proton. In electron-parton elastic scatter-
ing, partons (quarks and gluons) are assumed point like particles. To
determine structure functions, usual method is to consider electron
which is scattered by quarks. For this purpose one can calculate the
partonic cross section. The result would be multiplied by parton dis-
tributions. Finally we need to integral over the momentum fraction
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of each parton. In this paper, we use this method in our calculations.
In the following we will calculate electron-parton scattering in two
approaches of NCFT where both the photon-quark and photon-gluon
interactions are considered.
3.1 Parton model in expanded approach of NCSM
In NCSM, we follow the same method as in usual space-time with this
exception that electron-quark scattering is corrected in NCST and ad-
ditionally we consider as well the scattering of electron-gluon in our
calculations. So we should take into account two individual contribu-
tions which we referred them before.
Corrected vertex contribution: At first, we calculate electron-
quark scattering with respect to given vertex in Eq.( 2.3). In labora-
tory system, corrected vertex could be written as:
i eigeγµ +
1
2
eige
[−(p′. θµ)(6 p−m)]︸ ︷︷ ︸
Cµ
(3.2)
where ei is the charge of ith quark. After doing some algebraic task
(see the Appendix), the average of squared invariant amplitude for
Electron-quark scattering in expanded approach is obtained as it fol-
lows: 〈
|M|2
〉
= 14(
eig
2
e
q2
)2Tr[ γµ (6 k +me) γν(6 k′ +me)]
Tr[ γµ ( 6 p+mq) γν(6 p′ +mq)]
− i8( eig
2
e
q2
)2Tr[ γµ (6 k +me) γν(6 k′ +me)]
Tr[ γµ ( 6 p+mq)Cν(6 p′ +mq)]
− i8( eig
2
e
q2
)2Tr[ γµ (6 k +me) γν(6 k′ +me)]
Tr[Cµ ( 6 p+mq) γν(6 p′ +mq)].
(3.3)
In this equation the first term is corresponding to what is resulted from
calculation in usual space-time and relic terms arising from NCST.
One can easily indicate by trace theorem that terms contain NC pa-
rameter would be vanished. Therefore, in this case, nucleon structure
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Figure 1: A schematic graph for electron-gluon scattering.
functions do not gain any correction from NCST and we will have:
MW1(Q
2, ν) =
1
2
∑
i
e2i qi(x) ≡ F1(x) (3.4)
νW2(Q
2, ν) =
∑
i
e2i x qi(x) ≡ F2(x). (3.5)
New vertex contribution: Now we consider electron-gluon scat-
tering in expanded NCST. Photon-gluon vertex (see Eq.( 2.4)), con-
sidering the N = −2 Sin2θwKγgg is written by:
geN Θδ
ab (3.6)
where for simplification, we omitted index 3 in Θ. In the laboratory
system and using identity, given by Eq.( 2.7) the Θ quantity can be
written as
Θ((µ, q), (ν, p), (ρ, p′)) =
−θµν [−qρ(p2 + q.p) + pρ(q2 + q.p)]
−θνρ [−pµq2 + qµ(q.p)]+ θρµ [pν(q.p)− qνp2]
−(θµ. q) [gνρp2 − pνpρ]+ (θρ. q) [gµνp2 − pµpν]
+(θν . q)
[
gµρ(p2 + 2q.p)− (pµpρ + pµqρ + qµpρ)] .
(3.7)
Considering figure 1, the invariant amplitude for electron-gluon scat-
tering can be calculated. By substituting gluon vertex (see Eq.( 3.6))
in the expression for invariant amplitude, we will have:
−iM = [u¯(k′)(igeγλ)u(k)][−igλµ
q2
][ε∗2νc
∗
1 geN Θ
µνρ δc1c2ε3ρc2] (3.8)
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where ε’s are gluon polarizations and ci is color factor of gluon. The
symbol δ implies that color changing is not happening for gluon. This
is due to this fact the in photon-gluon interaction, photon is a colorless
identity. Nevertheless we should take into account contributions of
each glouns since the gluons can be appeared in eight color states.
Following the required calculations the corrected parts of structure
function can be obtained (see the Appendix):
MW1(Q
2, ν) =
M2b(x)
Q2
x g(x) ≡ F1(x), (3.9)
νW2(Q
2, ν) = a(x)x g(x) ≡ F2(x), (3.10)
where
a(x) = N
2θ2
2
(−12xME3 − 6x2M2E2 + 12E2Q2
−5x2M2Q2 + 40xME2E′ + 16x2M2EE′
−22EE′Q2 − 40xMEE′2 − 6x2M2E′2
+12E′2Q2 + 12xME′3 + 6Q4
) (3.11)
and
b(x) = N
2θ2
2 (−8E4 − 8E′4 + 4xME3 + 2x2M2E2
+24xMEE′2 + 4x2M2Q2 − 24xME2E′
−6x2M2EE′ − 4EE′Q2 + 2x2M2E′2
−4xME′3 + 11Q44 ).
(3.12)
Here Q2 = −q2 and q is the transferred momentum by photon, M is
mass of proton and other parameters are defined by:
ν =
Q2
2Mx
, (3.13)
E =
ν
y
=
Q2
2Mxy
, (3.14)
E′ = E − Q
2
2Mx
. (3.15)
The θ2 is squared of ~θ and the energy scale(ΛNC) for NCST is given
by: ∣∣∣~θ∣∣∣ = 1
Λ2NC
(3.16)
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The final result for nucleon structure function would be obtained by
adding the gluon effect to the rest of contributions. Therefore we will
get the following results:
MW1(Q
2, ν) =
1
2
∑
i
e2i qi(x) +
M2b(x)
Q2
x g(x) ≡ F1(x) (3.17)
νW2(Q
2, ν) =
∑
i
e2i x qi(x) + a(x)x g(x) ≡ F2(x) (3.18)
where qi and gi are distribution functions of quarks and gluons, re-
spectively.
In the following section, we will use Eq.( 3.18) to indicate the effect of
gluon distribution to modify the proton structure function, resulted
from NC modification.
3.2 Parton model in unexpanded approach of
NCST
In unexpanded approach, calculations are like the ones in expanded
approach except that we should use the vertex, given by Eqs.( 2.5, 2.6).
Corrected vertex contribution: By replacing photon-electron cor-
rected vertex into leptonic tensor, Lµν , this tensor will be appeared
as:
Lµν = 12
∑
Spins
[u¯(k′)γµe
i
2
k.θ.q u(k)][u¯(k′)γνe
i
2
k.θ.qu(k)]
∗
= 12
∑
Spins
u¯(k′)γµe
i
2
k.θ.q u(k) u¯(k)γνe−
i
2
k.θ.qu(k′)
= 12
∑
Spins
u¯(k′)γµ u(k)u¯(k)γνu(k′).
(3.19)
It is obvious that no correction is arising from NCST in leptonic tensor.
Consequently one can show as well that there is not any correction in
partonic sector.
New vertex contribution: Starting from Eq.( 2.6), following the
calculation that listed in appendix for electron-gluon scattering in the
expanded NC and using the definition H = 49 − 29M
2
Q2
, one obtains
MW1(Q
2, ν) = H g(x)sin2(
1
2
q.θ.p) ≡ F1(x), (3.20)
10
νW2(Q
2, ν) =
5
9
x g(x)sin2(
1
2
q.θ.p) ≡ F2(x). (3.21)
Since our calculations are in laboratory system and according to Eq.( 2.7),
in this case, we also do not have any gluon contribution, therefore,
unexpanded approach of NC does not have any effect on nucleon
structure functions in laboratory system and consequently the struc-
ture functions would be as in usual space-time which are given by
Eqs.( 3.4, 3.5).
4 Results and discussions
In section 3 correction of NCST has been calculated up to leading or-
der in terms of NC parameter, θ. NC correction on structure functions
comes out from electron-gluon scattering in the expanded approach.
By writing Eq.( 3.18) in terms of constituent quarks and gluons distri-
butions we will have the following result for proton structure function:
F2(x) =
(
2
3
)2
[xuv(x) + 2x u¯(x)] +
(−13)2 [xdv(x)
+2x d¯(x)
]
+
(−13)2 [2x s(x)] + a(x)x g(x). (4.1)
where u(x), d(x), s(x) and g(x) denote the quarks and gluon distribu-
tion functions. The final term comes from our calculations in NCST.
Factor a(x) (see Eq.( 3.11)) contains parameters of NCST like θ and
Kγgg, and usual parameters like the energies of the incident and scat-
tered electron (E and E′), transferred momentum(q as Q2 = −q2),
proton mass (M) and the momentum fraction carried by each parton
(x).
We have depicted the modified nucleon structure function (F2(x))
in figure 2 by substituting Eqs ( 3.13), ( 3.14) and ( 3.15) in Eq
( 3.11). The value of Q2 and y have been chosen to correspond the
available range of experimental date. The results have been com-
pared with available experimental data [64] and the prediction of GRV
parametrization model [51]. To indicate the theoretical uncertainty in
the standard model prediction for the structure function F2(x), we also
use the GJR and CT10 parametrization models [52, 53] and make the
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results for the modified nucleon structure function . In figures 3, 4
we depict the results for these two models in the modified and nor-
mal cases. A comparison with the available experimental data has
also been done. In figure 5 the results for the nucleon structure func-
tion, arising from the modified models are compared with each other
and also with the available experimental data. As we are expecting,
the theoretical uncertainty, using different parametrization models is
very low and we get a firm conclusion for the validity of the modified
models, considering the NC effect.
To plot the F2(x) we need two NC parameters, ΛNC and Kγgg.
good fits for F2 with experimental date is obtained for approved
amounts of energy scale ΛNC . As it has been mentioned above, look-
ing for the literature and concerned articles, there is not specific value
for the NC scale. Collider scattering experiments could be a proper
evident to search NCST effects because they are very sensitive to
NC signals. Usual bound from these experiments is ΛNC ∼ 1TeV .
Present work is also implemented for collider scattering experiment
to find modified structure functions of nucleons in NCST. So we have
also employed this range that is prevalent in such processes.
Following the procedure which was described in the expanded ap-
proach, one can find three numerical values for the Kγgg parameter
which are -0.098, 0.197 and -0.396 respectively [60, 61]. ΛNC . There-
fore we investigate these effects. The results for all three values of
Kγgg are similar to each other. Therefore we just present the results
coming from the numerical values of parameters and scales which are
tabulated in table 1. As can be seen from table 1, the numerical
value for NC scale is growing by increasing the Q2 as squared transfer
momentum. For example for a fixed Kγgg, the ΛNC = 800 GeV for
Q2 = 3.5 GeV 2 while for Q2 = 650 GeV 2 the ΛNC scale is equal
to 2200 GeV . It is in correspond to our expectation from the NC
effect. The ΛNC also depends on the measure of Kγgg parameter. Ac-
cording to table 2 for a fixed Q2, the value of ΛNC increases when
12
Q2(GeV )2 Kγgg ΛNC(GeV )
3.5 −0.098 830
4.5 −0.098 750
650 −0.098 2200
Table 1: ΛNC variations with squared transfer momentum for a fixed Kγgg =
−0.098
Q2 (GeV )2 Kγgg ΛNC(GeV )
650 −0.098 2200
650 +0.197 3200
650 −0.396 4400
Table 2: ΛNC variations with parameter Kγgg for a fixed Q
2 = 650(GeV )2
the magnitude of Kγgg is coming up. For instance, at a fixed Q
2 for
Kγgg = −0.098 we will get ΛNC = 2200 GeV and it is 4400 GeV for
Kγgg = −0.396. The numerical values for NC scale, using the GJR
and CT10 parametrization models are at the same order of the ones
in tables 1 and 2 with similar behaviour.when the squared transfer
momentum is increasing. Figures 2, 3 and 4 indicate good compati-
bility with experimental data especially for small values of x-Bjorken
variable where we are expecting the effect of new physics are more
relevant. To confirm the validity of our obtained results we can act
conversely and concentrate to extract the energy scale, ΛNC . We then
need to consider Eq.( 4.1) while the energy scale, ΛNC is unknown. If,
at the fixed Kγgg, we use experimental data at low Q
2, a small value
for ΛNC is obtained and for data at the highest Q
2 value a large value
for ΛNC would be appeared. What we get are as following:
• For Kγgg = −0.098: ΛNC ≥ 430 GeV
• For Kγgg = 0.197: ΛNC ≥ 610 GeV
• For Kγgg = −0.396: ΛNC ≥ 860 GeV
However in obtaining the above numerical values for ΛNC scale we use
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the GRV model but similar results will be appeared when we employ
the GJR and CT10 models. To do a confirmation on the validity of
our calculations, we once again back to the Drell-Yan process which is
an important role for investigating the nucleon structure function and
in testing the parton model. Analysing this processes at the NCST
will yield us ΛNC ≥ 0.4 TeV [31] which is compatible with what we
get in this paper.
5 Conclusion
We have considered the effect of NCST on proton structure functions.
There are two approaches to construct the usable NC theory. In both
approaches, all present vertices are modified by the NC parameter θµν .
In this case, in addition to the usual interactions, some new interac-
tions would also be appeared. We have applied two new corrections
and two new interactions, one for each approach, to calculate the struc-
ture functions of proton. Three of the four corrections do not have
any effect, but new interaction from expanded approach contributes
to the nucleon structure function. As can be seen, the obtained re-
sults for the improved proton structure function, F2(x) , are in better
compatibility with available experimental data rather than the results
coming from the normal GRV, CT10 and GJR parametrization mod-
els, specially at small values of x-Bjorken variable which is related to
the high energy region. Also the magnitude order of NC energy scale
that we got, using NCSM approach, is correspond to the expected
range of the other predictions.
In this paper we considered a spacial case when θµ0 = 0 but one
can calculate the case for θµ0 6= 0 which we hope to report about it
in future. The current results can be extended to the higher order
approximation which we hope to do it as our new research task. The
NCSM which we used it here, contained the lorentz violation. Some
similar calculations in which lorentz invariant is conserved can be done
which we hope to report on this issue latter on.
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A Appendix
Here, we perform the required calculations for electron-quark and
electron-gluon scattering in the expanded NC in details. Similar cal-
culations can be done for unexpanded NC.
Electron-quark scattering: Employing Feynman rule for fig-
ure 1 we will able to obtain the required results up to leading order,
considering the NC parameter. Since propagators do not affected by
NC corrections therefore just vertexes should be written in NC space-
time. According to photon-fermion vertex in laboratory system (see
Eq.( 3.2)), invariant amplitude read as it follow:
−iM = [u¯(k′)(igeγµ)u(k)][−igµνq2 ][u¯(p′)(ieigeγν)u(p)]
+[u¯(k′)(igeγµ)u(k)][
−igµν
q2
][u¯(p′)(12eigeC
ν)u(p)].
(A.1)
Doing some simplification we will have:
−M = eig2e
q2
[u¯(k′)γµu(k)][u¯(p′)γµu(p)]
−i eig2e
2q2
[u¯(k′)γµu(k)][u¯(p′)Cµu(p)].
(A.2)
Then for the squared invariant amplitude, we will get:
|M|2 = ( eig2e
q2
)2[u¯(k′)γµu(k)][u¯(p′)γµu(p)][u¯(k′)γνu(k)]†
[u¯(p′)γνu(p)]† + i2(
eig
2
e
q2
)2[u¯(k′)γµu(k)][u¯(p′)γµu(p)]
[u¯(k′)γνu(k)]†[u¯(p′)Cνu(p)]† − i2( eig
2
e
q2
)2[u¯(k′)γµu(k)]
[u¯(p′)Cµu(p)][u¯(k′)γνu(k)]†[u¯(p′)γνu(p)]†.
(A.3)
Here, we remember that for two 4 × 4 Γ1 and Γ2 matrices, Casimir’s
trick will lead us to:∑
all spins
[u¯(a)Γ1u(b)][u¯(a)Γ2u(b)]
† =
Tr[ Γ1 (6 pb +mb) Γ¯2( 6 pa +ma)] .
(A.4)
According to Γ¯2 = γ
0Γ†2 γ
0 definition, we have: γ0Cν† γ0 = −Cν ,
γ0γν† γ0 = γν . Now by taking average over initial spin states and
sum over final spin states and using the Casimir’s trick we arrive at
Eq.( 3.3).
Electron-gluon scattering: To do the required calculations, we
consider figure 1 and proceed to do the square of invariant amplitude
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in Eq.( 3.8). Then doing the average over initial spins states and sum
over final spin states and then gluon polarization states so as:∑
εµε
∗
ν → −gµν , (A.5)
and color algebra
∑
c1c2
δc1c2δc1c2 =
8∑
c1=1
δc1c1 = 8, (A.6)
we will get the following result:
〈
|M|2
〉
= 16N
2g4e
q4
[
θ2
(
k.k′ (p2 + q2)(−p2q2 + (q.p)2)
−q2q.p (k.pk′.q + k.qk′.p) + q4k.p k′.p+ k.q k′.q (q.p)2
−k.k′ q.p (p2q2 − (q.p)2))− p4k.θ.q k′.θ.q + k.θ.θ.q
×(q2p2 k′.(q + p)) + k.θ.θ.k′(p2 + (p+ q)2)(p2q2
−(p.q)2)− q.θθ.q
(
p2 k.k′(p
2
2 + 2q
2 + 3q.p) + k.pk′.p
(2p2 + q2 + 2p.q) + (k.qk′.p+ k.p k′.q)(p2 + 2p.q)
)
−p2k.qk′.q + k′.θ.θ.q ((q2 p2 − 2(q.p)2)k.(p+ q))
+(p2 k.q + q2 k.p) q.p
)]
(A.7)
In Eq.( A.7) we neglected from electron mass. We note that since
there is not more than two gluon legs, thus incident gluon is like the
outgoing gluon. Mathematically, the delta Kronecker function con-
firms this reality. On the other hand since gluons are appearing in
eight color states, we should consider the color factor in our calulation
which can be done, using Eq.( A.6). Now to simplify the above equa-
tion, by takeing α, β, γ as angles between ~k, ~k′, ~k×~k′ and ~θ direction,
respectively, in the laboratory system and using Eqs.( 2.7) and ( 2.8)
we will get:
k. θ. θ. k = E2|~θ|2sin2α, (A.8)
k′. θ. θ. k′ = E′2|~θ|2sin2β, (A.9)
k. θ. θ. k′ = E E′|~θ|2(cosϕ− cosβ cosα), (A.10)
k. θ. k′ = E E′|~θ| sinϕ cos γ . (A.11)
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Then by taking the average over α, β and γ, Eq.( A.7) will lead us to:〈
|M|2
〉
=
8N2g4e
q4
θ2EE′m2eff
[
a′cos2(
ϕ
2
) + b′sin2(
ϕ
2
)
]
, (A.12)
where
a′ = −12meffE3 − 6m2effE2 + 12E2Q2 − 5m2effQ2
+6Q4 + 40meffE
2E′ + 16m2effEE
′ − 40meffEE′2
−22EE′Q2 − 6m2effE′2 + 12E′2Q2 + 12meffE′3,
(A.13)
b′ = −8E4 − 8E′4 + 4meffE3 + 2m2effE2
+4m2effQ
2 − 24meffE2E′ − 6m2effEE′
−4EE′Q2 + 24meffEE′2 + 2m2effE′2
+11Q
4
4 − 4meffE′3.
(A.14)
Here meff is zeroth component of four-momentum for gluon. By
substitute Eq.( A.12) into below equation
dσ = 1(2E)(2m)
〈|M|2〉
4pi2
d3k′
2E′
d3p′
2p′0
δ(4)(p+ k − p′ − k′)
= 14mE
〈|M|2〉
4pi2
1
2E
′dE′dΩd
3p′
2p′0
δ(4)(p+ k − p′ − k′),
(A.15)
and using ∫
d3p′
2p′0
δ(4)(p+ q − p′) = 1
2m
δ(ν +
q2
2m
), (A.16)
where in laboratory system we have
d(cosϕ)dE′ =
1
2EE′
dQ2dν, (A.17)
we obtain
dσ
dQ2dν
= piα
2
4E2sin4(ϕ
2
)
1
EE′[
a cos2(ϕ2 ) + bsin
2(ϕ2 )
]
δ(ν − Q22meff ).
(A.18)
Here a = N
2θ2
2 a
′ and b = N
2θ2
2 b
′. Now, by comparing Eqs.( A.18) and
( 3.1), we can determine gluon contributions to the nucleon structure
function which are denoted by wgluon1 and w
gluon
2 respectively:
wgluon1 =
b
2
δ(ν − Q
2
2M xg
), (A.19)
wgluon2 = a δ(ν −
Q2
2M xg
), (A.20)
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in which we use meff = xgM . Here xg is fraction of nucleon momen-
tum which is carried by gluon. To obtain nucleon structure function
which is resulted from electron-gluon scattering, it is needed to mul-
tiply wgluon1 and w
gluon
2 by g(xg), as probability function to find gluon
with fraction of nucleon’s momentum. Then taking integrate with
respect to xg would be resulted to:
W1(Q
2, ν) =
1∫
0
dxgg(xg)w
gluon
1
=
1∫
0
dxgg(xg)
b(xg)
2 δ(ν − Q
2
2Mxg
)
=
1∫
0
dxgg(xg)
b(xg)
2
xg
ν δ(xg − x)
= b(x)2
x
ν g(x) =
b(x)
M
M2x
Q2
g(x),
(A.21)
W2(Q
2, ν) =
1∫
0
dxgg(xg)w
gluon
2
=
1∫
0
dxgg(xg) a(xg) δ(ν − Q22Mxg )
=
1∫
0
dxgg(xg) a(xg)
xg
ν δ(xg − x)
= 1νa(x)x g(x),
(A.22)
where Eqs.( 3.9, 3.10) as the corrected portion of structure function
are coming from gluon-photon interaction.
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Figure 2: Our results for the modified nucleon structure function(NSF) ,
F2(x), at Q
2 = 3.5 GeV 2, 4.5 GeV 2 and 650 GeV 2 which are compared with
the available experimental data [64] and the normal GRV parametrization
model [51]. Here the ”GRV-Im.” is indicating our results for the modified
NSF, using GRV model. The ”GRV-Uim.” symbol is denoting the normal
NSF in GRV model.
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Figure 3: Our results for the modified nucleon structure function(NSF) ,
F2(x), at Q
2 = 3.5 GeV 2, 4.5 GeV 2 and 650 GeV 2 which are compared with
the available experimental data [64] and the normal CT10 parametrization
model [53]. Here the ”CT10-Im.” is indicating our results for the modified
NSF, using CT10 model. The ”CT10-Uim.” symbol is denoting the normal
NSF in CT10 model.
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Figure 4: Our results for the modified nucleon structure function(NSF) ,
F2(x), at Q
2 = 3.5 GeV 2, 4.5 GeV 2 and 650 GeV 2 which are compared with
the available experimental data [64] and the normal GJR(JR09FFNNLO)
parametrization model [52]. Here the ”GJR(JR09FFNNLO)-Im.” is in-
dicating our results for the modified NSF, using GJR model. The
”GJR(JR09FFNNLO)-Uim.” symbol is denoting the normal NSF in CT10
model.
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Figure 5: Our results for the modified nucleon structure function(NSF)
, F2(x), at Q
2 = 3.5 GeV 2, 4.5 GeV 2 and 650 GeV 2 which are com-
pared with the available experimental data [64], using GRV, CT10 and
GJR(JR09NNLO) models.
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